The occipital cortex (OC) of early-blind humans is activated during various nonvisual perceptual and cognitive tasks, but little is known about its modular organization. Using functional MRI we tested whether processing of auditory versus tactile and spatial versus nonspatial information was dissociated in the OC of the early blind. No modality-specific OC activation was observed. However, the right middle occipital gyrus (MOG) showed a preference for spatial over nonspatial processing of both auditory and tactile stimuli. Furthermore, MOG activity was correlated with accuracy of individual sound localization performance. In sighted controls, most of extrastriate OC, including the MOG, was deactivated during auditory and tactile conditions, but the right MOG was more activated during spatial than nonspatial visual tasks. Thus, although the sensory modalities driving the neurons in the reorganized OC of blind individuals are altered, the functional specialization of extrastriate cortex is retained regardless of visual experience.
INTRODUCTION
A number of studies have demonstrated that visual deprivation leads to functional reorganization of deafferented visual cortex (Hyvä rinen et al., 1981; Veraart et al., 1990; Rauschecker, 1995; Cohen et al., 1997; Bavelier and Neville, 2002; Merabet and Pascual-Leone, 2010) . In early-blind humans, a cross-modal recruitment of several occipital areas has been observed during the processing of both auditory (Gougoux et al., 2005; Rö der et al., 2002; Weeks et al., 2000) and tactile stimuli (Kujala et al., 1992; Sadato et al., 1996 Sadato et al., , 1998 Bü chel et al., 1998; Burton et al., 2002 Burton et al., , 2004 Hamilton et al., 2004; Ptito et al., 2005; Stilla et al., 2008) as well as during various nonvisual cognitive tasks, including stimulus discrimination and localization, verb generation, and verbal memory (Rö der et al., 2001; Rö der and Rö sler, 2003; Burton et al., 2003 Amedi et al., 2003 Raz et al., 2005) . This type of occipital cortex (OC) recruitment may provide an explanation for the enhanced perceptual abilities in the remaining senses commonly observed in visually deprived humans and animals (Pascual-Leone and Torres, 1993; Rauschecker and Korte, 1993; Rauschecker and Kniepert, 1994; Lessard et al., 1998; Gougoux et al., 2004; Lewald, 2002; Goldreich and Kanics, 2003; Voss et al., 2004; Collignon et al., 2006; Alary et al., 2009) .
Despite the increasing number of studies on cross-modal brain plasticity, little is known about the modular organization of the OC in blind individuals and its exact role in the processing of nonvisual information. In sighted individuals, the visual pathways are functionally divided into ventral/identification (''what'') and dorsal/localization (''where'') streams (Zeki, 1978; Ungerleider and Mishkin, 1982; Haxby et al., 1991; Goodale and Milner, 1992) . As demonstrated by animal and human studies, there are also two distinct processing streams within the cerebral cortex for hearing (Rauschecker, 1998; Romanski et al., 1999; Kaas and Hackett, 2000; Rauschecker and Tian, 2000; Tian et al., 2001; Alain et al., 2001; Maeder et al., 2001 ) and, to a lesser extent, for touch (Deibert et al., 1999; Zangaladze et al., 1999; Stoesz et al., 2003; Prather et al., 2004; Van Boven et al., 2005) . To date, there have been very few attempts to test dissociation in the OC of early-blind subjects for auditory and tactile stimulus modalities (Kujala et al., 1995; Rö der et al., 1996; Weaver and Stevens, 2007) and for spatial and nonspatial tasks Vanlierde et al., 2003; Bonino et al., 2008) . Since the ''visual'' cortex of early-blind subjects is widely activated during a variety of perceptual and cognitive tasks, the only way to identify functional specialization is to compare patterns of activation elicited by different conditions in the same subjects in a well-controlled paradigm. In the present study, we used functional magnetic resonance imaging (fMRI) in early-blind individuals and sighted controls to compare brain activation patterns elicited by the processing of spatial and nonspatial attributes of equivalent auditory and vibrotactile stimuli. In addition, we ran a control experiment in a separate group of sighted subjects to identify the regions within the OC that are specialized for spatial processing in vision.
RESULTS
The main experiment was done in two groups of 12 early-blind (EB) volunteers and 12 sighted controls (SCs). Both auditory and vibrotactile stimuli varied in two dimensions: frequency and spatial location. The subjects were instructed to either detect the stimuli (Detection condition) or perform a one-back comparison task where they had to determine whether each stimulus was the same or different from the preceding one regarding either its frequency (Identification condition) or its location (Localization condition). Blind participants were totally blind from birth or by the second year of life (see Table 1 ). In a control experiment, a separate group of six sighted subjects performed one-back spatial and nonspatial visual tasks comparing either locations (Localization condition) or geometric shapes (Identification condition) of figures presented on a projection screen.
Behavioral Results
We performed separate analyses of performance accuracy in detection ( Figure 1A ) and identification/localization ( Figures 1B  and 1C ) because of differences in cognitive demand between these tasks (simple detection versus one-back comparison). Detection scores did not differ between the EB and SC groups but were generally higher for the auditory than the tactile condition (F 1,22 = 18.76; p < 0.001). A three-way ANOVA performed on accuracy in the identification and localization tasks showed no effect of group (F 1,22 = 0.037; p = 0.085) but an effect of the task (F 1,22 = 30.135; p < 0.001) and modality (F 1,22 = 41.967; p < 0.001); tactile identification was more difficult than auditory identification and tactile localization in the two groups (all p values < 0.05). The interaction between task and modality was also significant (F 1,22 = 46.302; p < 0.001). Performance accuracy differed between the two tasks in the tactile but not in the auditory modality. Performance accuracy during the visual conditions in the control study with SC participants was also satisfactory (>95% of accuracy). No difference was observed between the identification and localization conditions in vision (p > 0.05).
Functional Imaging Results

Main Effects Related to Sensory Modality
In both groups, the contrast of Auditory conditions versus Rest showed the expected bilateral activation in the primary and secondary auditory cortices within the superior temporal gyri (Brodmann areas [BAs] 41, 42, 22) , whereas the contrast of Tactile conditions versus Rest showed bilateral activation (more pronounced in the left hemisphere contralateral to the stimulated hand) in the primary and secondary somatosensory cortices within the postcentral gyri (BA1, 2, 3, 40, 43; Tables S1 and S2 available online and Figure 2 ). In the OC, the middle and inferior occipital gyri (MOG and IOG, BA19) were bilaterally activated in EB subjects and deactivated in SC subjects during both auditory and tactile conditions (Tables S3 and S4 and Figure 2 ). Among OC areas, only the lingual-gyrus/cuneus (LG, BA17/18) was activated during the auditory and tactile conditions in both groups, though to a larger extent in EB subjects. A between-group comparison for each modality showed that the frontal and occipital cortices, including parts of the cuneus, the LG (BA18), and the MOG and IOG, were overall more activated in EB than in SC subjects during both the auditory and the tactile conditions (q[FDR] < 0.05, Figure 3 ). The contrasts between the auditory and tactile modality in each group did not show any modality-specific activation in the OC in either EB or SC subjects even at a low threshold of p < 0.005 (uncorrected for multiple comparisons in combination with a cluster size threshold of p < 0.05). Even at the individual level, no clear modality specificity was observed in the OC of EB subjects. While some subjects activated their OC more during the auditory than the tactile conditions, other subjects showed the opposite pattern. We did not find a double dissociation within the OC of any blind subject.
Conjunction analyses using a threshold of p < 0.001 (uncorrected) confirmed that the left and right MOG-IOG (BA19) and the LG/cuneus (BA17/18) were similarly activated by both modalities in EB subjects (Table S5) . In SC subjects, the same conjunction analysis showed that the left (x: À40, y: À70, z: 1, 38 voxels) and right (x: 46, y: À67, z: À1, 131 voxels) MOG were deactivated by both modalities. Other brain regions, including the right middle frontal gyrus (MFG, BA6), the inferior parietal lobule (IPL), and the precuneus, were activated conjointly by both modalities in each group. However, in SC subjects the activation in the parietal cortex was confined to the left hemisphere, while in EB subjects it was bilateral.
Main Effects Related to the Task
The contrast of Identification minus Detection showed a similar activation pattern in the frontal cortex including the Functional brain activity in 12 early-blind subjects (EB) and 12 sighted control subjects (SC) during auditory and tactile processing was projected onto a 3D representation of the right and left hemispheres (RH and LH) of a representative brain of one subject. The activation maps resulting from the contrasts between the auditory and tactile conditions compared to the baseline were obtained by RFX with a threshold of q < 0.05, corrected for multiple comparisons using FDR in combination with a cluster size threshold of p < 0.05. (A) Brain activation related to auditory processing in EB (in red) and in SC subjects (in green).
(B) Brain deactivation, i.e., negative BOLD response, related to auditory processing in EB (in pink) and in SC subjects (in pale green).
(C) Brain activation related to tactile processing in EB (in yellow) and in SC subjects (in blue).
(D) Brain deactivation, i.e., negative BOLD response, related to tactile processing in EB (in pale yellow) and in SC subjects (in pale blue). The middle and inferior occipital gyri were bilaterally activated in EB subjects and deactivated in SC subjects during the auditory and tactile conditions. The lingual gyrus-cuneus (LingG, BA17-18) was bilaterally activated in EB and SC subjects during the auditory and tactile conditions, though to a much larger extent in EB subjects and during the auditory conditions. See also Tables S1-S5. right middle frontal cortex and the insula bilaterally in both groups, but occipital activation in EB subjects only (p < 0.001 uncorrected, Table S6 ). The contrast of Localization minus Detection showed a similar brain activation pattern in the parietal cortex including the right IPL in both groups (p < 0.001 uncorrected, Table S7 ), but occipital activation in EB subjects only. The reversed contrasts, i.e., Detection minus Localization and Detection minus Identification, did not show any activation in the OC in either of the two groups. The between-group comparison for each task (Identification and Localization) confirmed that the OC, including the MOG bilaterally and the lingual gyrus (LG), was significantly more activated in EB than in SC subjects (q < 0.05, FDR corrected, Table S8 ).
What-and Where-Specific Activation
The contrast of Localization minus Identification showed that in addition to medial parietal areas (such as the precuneus and the superior parietal lobule [SPL]), part of the right MOG (BA19; x: 51, y: À64, z: À5; 101 voxels) was specifically more activated during localization than identification conditions in EB subjects (Table S9 and Figure 4 ). When we used a more liberal threshold of p < 0.005 (uncorrected), a similar MOG focus appeared in the left hemisphere as well. With this more liberal threshold, the right MOG focus was also found in the contrast of Localization minus Identification in the auditory modality alone (where the behavioral performance was well balanced). The between-group comparison for the same contrast revealed bilateral activations in MOG ( Figure 5 ). The activity profile observed in the right MOG focus was very similar to the one observed in the parietal regions ( Figure 4 ). The same contrast in SC generated similar activation in the parietal cortex, particularly in the right hemisphere, but no activation in the OC (Table S9 ). The contrast of Identification minus Localization did not show any activation in the OC for either of the groups (even at a more relaxed threshold of p < 0.005 uncorrected). Results from the control experiment in sighted subjects confirmed that a large portion of the MOG, which included the MOG focus observed in EB subjects, was more activated during the spatial than the nonspatial task in vision ( Figure 6 ). Correlation analysis was performed in order to test the relationship between behavioral performance and brain activity within the OC. Correlations were computed in both groups between performance accuracy (in the six conditions: ''auditory detection,'' ''auditory identification,'' ''auditory localization,'' ''tactile detection,'' ''tactile identification,'' and ''tactile localization'') and percentage of signal change (beta values) in the right MOG, and the left and right precuneus as identified in the contrast of Identification minus Localization in EB subjects (see Activation maps resulting from a group comparison in each modality using RFX with a threshold of q < 0.05 corrected for multiple comparisons using a FDR in combination with a cluster size threshold of p < 0.05 and superimposed onto the brain of a representative subject. (A) Brain regions that were activated more in EB than in SC (in orange-yellow) and more in SC than in EB (in blue-green) subjects during auditory processing. (B) Brain regions that were activated more in EB than in SC (in orange-yellow) and more in SC than in EB (in blue-green) subjects during tactile processing. The color-gradient scale codes the t values. LH, left hemisphere; RH, right hemisphere. See also Table S8 and Figure 5 . Table S9 ). A significant correlation between performance accuracy and percentage of signal change was observed during the auditory localization task in the right MOG of EB subjects 
. Brain Areas that Show a Preference for Spatial over Nonspatial Processing in Blind Subjects
Task-related brain activation in 12 early-blind subjects (EB). Activation maps were projected onto a 3D representation of the right and left hemispheres (RH and LH) of the brain of a representative subject. The statistical maps were obtained using RFX with an uncorrected threshold of p < 0.001. The top of the figure shows the brain activation related to identification (in blue) and localization (in yellow), as obtained from the contrasts of Identification minus Localization and of Localization minus Identification. The right middle occipital gyrus (MOG, BA19) and several subregions of the parietal cortex were more activated during localization than identification conditions. The main parietal activation foci were located in the precuneus in both hemispheres (see Table S9 ). No activation focus in the occipital cortex of EB subjects was found to be more activated during identification than localization conditions. The color-gradient scale codes the t values. The group comparison for the contrast of Localization minus Identification (interaction) confirms that the right (and the left) MOG was more activated in EB than in SC subjects and during spatial than nonspatial processing (see Figure 5 ). The bottom of Figure 4 shows the activity profiles (i.e., the percentages of signal change as a function of task and modality) in the left and right precuneus and the right MOG in EB (first row) and SC subjects (second row). In EB subjects, the activity profiles for the right MOG and the precuneus were very similar; localization conditions in both modalities activated these regions more strongly than identification or detection conditions. In sighted subjects, the activity profile was similar to that in EB subjects in the precuneus but not in the right MOG, which was mainly deactivated in both modalities. In the precuneus, the signal change appears weaker in SC than in EB subjects, but the precuneus areas with the biggest differences between identification and localization in SC do not exactly correspond to the ones in EB subjects (see Table S9 ). *p < 0.01; **p < 0.005; ***p < 0. 
DISCUSSION
Functional Specialization for Spatial Processing in the MOG
In the present study, we found that the anterior part of the right MOG, which is considered a part of the visual dorsal stream in sighted subjects (Dumoulin et al., 2000; Wandell et al., 2007) , showed a functional preference for processing spatial properties of both auditory and tactile stimuli in EB subjects (Figure 4) . The region was most strongly activated during localization conditions in both modalities, and its activity was specifically correlated with the accuracy of individual performance in auditory localization. Results from a control experiment confirmed that the same region was preferentially involved in visual spatial processing in sighted subjects ( Figure 6 ).
It is unlikely that the observed functional preference was due to differences in arousal or attention, since task-related activity differences were obtained in the auditory modality even though the localization and identification tasks were equally difficult ( Figure 1B) . Furthermore, within the tactile modality, the localization task was actually somewhat easier than the identification task ( Figure 1C ), yet the right MOG clearly showed a preference for spatial over nonspatial processing (Figure 4) .
These findings suggest that even in the absence of visual stimulation, the anterior part of the right MOG attains a functional role in spatial processing and is overlaid with modal sensory responses. Since the anterior right MOG is also involved in visual spatial processing in sighted subjects, we hypothesize that functional specialization in the occipital cortex (OC) develops independently of visual experience. While visual deprivation leads to a replacement of visual by nonvisual input (''compensatory plasticity''; Rauschecker, 1995) , each structure retains its designated functional role.
Task Specificity in Cross-modal Plasticity
The involvement of dorsal-stream occipital areas in either auditory or tactile spatial processing by blind subjects has been reported previously (Weeks et al., 2000; Gougoux et al., 2005; Poirier et al., 2006; Ricciardi et al., 2007; Bonino et al., 2008; Saenz et al., 2008; Ptito et al., 2009 ). However, the present study demonstrates for the first time that a specific part of the OC, the right MOG, shows a preference for spatial over nonspatial processing that is independent of modality and relates this preference to individual sound localization performance. The resulting concept of task specificity in cross-modal plasticity is also supported by other studies: Sathian and coworkers have identified a region in the intraoccipital sulcus (IOS, probable area V3A) of blind subjects that shows specific activation during a microspatial tactile discrimination task in EB subjects (Zangaladze et al., 1999; Weisser et al., 2005; Stilla et al., 2008) . More anterior-lateral areas in the OC, including the lateral occipital complex (LOC), seem to play a functional role in shape processing regardless of sensory experience (Arno et al., 2001; Amedi et al., 2007) . The present results further advance the notion of preserved functional specialization: by testing ''what'' and ''where'' functions simultaneously with different modalities in the same blind subjects as well as in sighted controls, the principle of task-specificity in cross-modal plasticity can now be generalized across various functions. Future studies could test whether the concept holds even beyond OC and applies to the development of all cortical areas.
Activation versus Deactivation of OC by Multisensory Input
The MOG focus found in the present study is in the vicinity of what is known as hMT+, the human analog of area MT, first described as a visual motion area in monkeys (Allman and Table S8 . Kaas, 1971) . Area hMT+ seems to be specialized for motion processing in both sighted and blind humans (Poirier et al., 2005 (Poirier et al., , 2006 Matteau et al., 2010) . However, according to these studies, hMT+ has to be considered a multisensory (supra-or metamodal) brain area that is also activated by moving auditory and tactile stimuli in both sighted and blind subjects. In the present study, such multisensory OC activation was only observed in a part of the LG/cuneus region (BA17/18) (Figure 2) . By contrast, the MOG focus was activated by nonvisual (auditory and tactile) stimulation in EB but deactivated bilaterally during all auditory and tactile conditions in SC subjects (Figure 4 ). This finding is in general agreement with other studies demonstrating deactivation of OC by nonvisual stimuli in sighted subjects (Weeks et al., 2000; Sadato et al., 1996; Burton et al., 2004; Haxby et al., 1994; Kawashima et al., 1995; Shulman et al., 1997) . Deactivation of the OC during auditory and tactile conditions may minimize potential interference from visual stimuli during nonvisual tasks (Gougoux et al., 2005; Laurienti et al., 2002) . Both activation and deactivation by nonvisual tasks indicate the presence of nonvisual input to OC even in sighted individuals. This adds to the growing evidence for the multisensory nature of relatively early processing stages in sensory cortices (Pascual-Leone et al., 2005; Ghazanfar and Schroeder, 2006; Kayser et al., 2008) .
In EB subjects, multisensory processing became even more pronounced, and nonvisual deactivation (suppression) turned into activation (excitation): both auditory and tactile inputs converged upon the same regions of the OC, including the
LG/cuneus and the middle and inferior occipital gyri (MOG and IOG, BA19). The absence of dissociation between auditory and tactile modalities in the OC of blind subjects further supports the metamodal nature of perceptual and cognitive processes in a wide range of tasks (Rö der et al., 1996; Weaver and Stevens, 2007) . The preordained existence of nonvisual inputs to OC in sighted subjects may provide a basis for their expansion in individuals with early blindness.
Occipitoparietal System for Spatial Localization
In addition to the right MOG activation observed in EB subjects, medial parietal areas showed a similar preference for spatial processing in both EB and SC subjects. The precuneus in particular has previously been described as a multisensory operator that is specialized for spatial processing in sighted subjects (Renier et al., 2009) . Studies in visually deprived cats and monkeys have suggested that cross-modal plasticity could in fact originate in multisensory parietal regions, where the opportunity for cross-modal competition may be the greatest (Hyvä rinen et al., 1981; Rauschecker and Korte, 1993) . Prior imaging data from blind humans using interregional correlation techniques have been compatible with this proposition (Weeks et al., 2000) . Other possible mechanisms include a strengthening of corticocortical input from other sensory modalities (Falchier et al., 2002; Rockland and Ojima, 2003) or of nonvisual thalamocortical connections (Hackett and Schroeder, 2009) .
One may further hypothesize that the altered dorsal occipitoparietal regions contribute to the superior abilities of EB subjects Figure 6 . Task-Specific Brain Areas in Vision Functional brain activity in six sighted subjects (SC) during identification and localization of visual stimuli was projected onto a 3D representation of the right and left hemispheres (RH and LH) in one representative brain. The activation maps resulting from the contrasts between identification and localization conditions were obtained using fixed-effects analyses (FFX) with a threshold of q < 0.02, corrected for multiple comparisons using FDR, in combination with a cluster size threshold of p < 0.05. Brain activation related to visual identification (in blue) and visual localization (in yellow) is shown. The right (and the left) MOG, including the MOG focus found in blind subjects (x: 51, y: À64, z: À5; see Figure 4 ), was more strongly activated during the localization than the identification task. Additional activation foci were found in the precuneus and the superior parietal lobule. The inferior occipital gyrus (IOG) in both hemispheres was more activated during the identification task (shape processing) than during localization.
commonly observed for spatial tasks (Lessard et al., 1998; Rö der et al., 1999; Fortin et al., 2008) . Lending support to this idea, a previous study showed that repetitive transcranial magnetic stimulation (rTMS), which is thought to create a transient ''virtual lesion,'' applied to the dorsal extrastriate cortex selectively impaired sound localization performance in EB but not SC subjects (Collignon et al., 2007) .
Conclusions
The present results suggest a hierarchical model of visual cortical development in which modal sensory responses overlay dorsal-stream spatial selectivity. Thus our study demonstrates that although the occipital cortex of early-blind subjects is largely multisensory, specific regions retain the functional role they assume in sighted individuals. Additional work with an even greater variety of stimuli and paradigms is needed to elucidate how strengthened auditory and tactile inputs reach the occipital cortex of early-blind subjects and whether additional functional specialization is present in the occipital cortex of the blind.
EXPERIMENTAL PROCEDURES Subjects
Twelve EB subjects (4 males, 10 right-handed, mean age = 49 years; standard deviation [SD] = 9.2) and 12 sighted control subjects (SC) matched for age, sex, and handedness participated in this study (mean age = 45 years; SD = 10.9; F 1,23 = 1.03, p = 0.32). In addition, a separate group of 6 sighted subjects participated in another control experiment in the visual domain (4 males, all right-handed, mean age = 29; SD = 2.4). All participants were healthy. Blind participants were totally blind from birth or by the second year of life. They had no history of normal vision and no memories of visual experience. Table 1 provides details about gender, age, handedness, etiology, and onset of blindness. The protocol was approved by Georgetown University's Institutional Review Board (IRB); written informed consent was obtained from all participants prior to the experiment. 
MRI Acquisition
Equipment and Stimuli Auditory Stimulation
We used a set of 16 stimuli that consisted of four distinct piano chords originating from four different locations in the virtual auditory space in front of the listener (see Figure S1 ). The stimuli were presented via electrostatic MRIcompatible headphones (STAX, frequency transfer function 20 Hz-20 KHz). The chords were created with Fleximusic Composer and consisted of four different notes. The chords were then further modified with Amphiotik Synthesis from Holistiks to generate an authentic virtual auditory environment based on the head related transfer functions (HRTF) measured from a mean head size. The four sound sources were located within a half-circle in front of the listener. The first source was located at the extreme left of the subject corresponding to À90 azimuth. The other sources were placed at À30 ,
+30
, and +90 , respectively, progressing toward the right of the listener.
The stimulus duration was 1000 ms (including 10 ms rise/fall times); the interstimulus interval was 1000 ms. Pretests performed on a separate group of ten subjects showed that the sounds could be localized accurately in a forcedchoice paradigm with a mean accuracy > 95% in all subjects. Tactile Stimulation Vibrotactile stimuli were produced by nonmagnetic, ceramic piezoelectric bending elements (benders Q220-A4-303YB, Piezo Systems, Quick Mount Bender) placed directly under the four fingers (index, middle, ring, and little finger) of the subject's right hand (see Figure S1 ). The benders were driven by sinusoidal tones of 40, 80, 160, and 320 Hz and produced vibrations corresponding to that driving frequency. The stimulus intensity was amplified with Alesis RA150 Amplifiers. The stimulus duration (1000 ms including 10 ms rise/fall times) and interstimulus interval (1000 ms) were identical to those used for the auditory stimulation. The stimuli were created with Adobe Audition software (Adobe Systems) and generated by an echo audiofire8 soundcard (AudioAmigo). The four piezoelectric elements were attached to the fingers via hook-and-loop fasteners (Velcro). The stimulated hand was fixed within an antispasticity ball splint (Sammons Preston) to enable maximal comfort and prevent hand movements during the experiment.
Experimental Paradigms
We used a block design paradigm in which six conditions (duration of one condition = 18 s) were separated by ''off'' conditions. The experimental conditions comprised three tasks-stimulus detection, identification, and localization-for each of the sensory modalities-auditory and vibrotactile. Before scanning, subjects underwent a brief practice session during which the intensity of auditory and tactile stimulation was adjusted per subject to ensure that stimuli were clearly distinguishable yet comfortable. Special care was taken to equalize the subjective intensity of stimulation in the two modalities. A predetermined pseudorandom order of runs was counterbalanced across subjects. SC subjects were blindfolded during the experiments. During the localization and identification conditions, we used a one-back comparison task in which we asked subjects to compare each stimulus with the previous one and determine whether it was the same or different regarding either identity (stimulus frequency) or spatial location (stimulated finger or sound source). The subjects delivered their responses by pressing one of two buttons on a response pad held in the left hand. During the detection tasks, subjects were required to press the left button of the response pad at stimulus presentation. The onset of each condition was announced through the headphones upon termination of the preceding resting period (12 s). Stimulus presentation and collection of behavioral data were controlled by Superlab software 4.0 (Cedrus corporation).
Visual Control Experiment
In this experiment, subjects were presented with four geometrical figures that appeared at four different locations on a projection screen (see Figure S2) . Subjects had to determine in a one-back comparison task whether each stimulus was the same as or different than the preceding one regarding either its identity (shape; nonspatial) or its location (spatial). During the experiment, subjects gazed at a fixation cross in the center of the screen and provided their responses for each comparison by pressing one of two buttons on a response pad held in the left hand. Each stimulus was displayed for 500 ms (interstimulus interval = 1500 ms). Subjects' brain activity was monitored in two runs of about 5 min.
Data Analysis
The BOLD responses for the six experimental conditions were compared with BrainVoyager QX (Version 1.10, BrainInnovation) by applying a regression analysis. Prior to analysis, preprocessing consisted of slice timing correction, temporal high-pass filtering (removing frequencies lower than 3 cycles/run), and correction for small interscan head movements. Data were transformed into Talairach space (Talairach and Tournoux, 1988) . For anatomical reference, the computed statistical maps were overlaid on the 3D T1-weighted scans. In each individual, the predictor time courses of the regression model were computed on the basis of a general linear model of the relation between neural activity and hemodynamic response function (HRF), assuming an HRF neural response during phases of sensory stimulation. A random-effects analysis (RFX) in the group was then performed at the whole-brain level, using one-sample and two-sample t tests with a threshold of q < 0.05, corrected for false discovery rate (FDR), in combination with a cluster size threshold of p < 0.05. Alternatively, a threshold of p < 0.001 (uncorrected for multiple comparisons) was used in the condition comparisons depending on the strictness of the contrasts performed. Brain areas that were activated during both auditory and tactile conditions were identified by conjunction analyses with a threshold of p < 0.001 (uncorrected for multiple comparisons), in combination with a cluster size threshold of p < 0.05. Given the relatively small size of the sample used in the visual control experiment (n = 6), fixed-effects analysis (FFX) in the group was performed at the whole-brain level, using one-sample t tests with a threshold of q < 0.02, corrected for FDR, in combination with a cluster size threshold of p < 0.05. The maps obtained were projected onto the inflated cortical surface of a representative subject for presentation purposes.
Analysis of the behavioral data was performed with a three-way mixeddesign ANOVA with group (EB versus SC) as a between-subjects factor and modality (Auditory versus Tactile) and task (Identification and Localization) as within-subject factors. An additional two-way ANOVA with group as a between-subjects factor and modality as a within-subjects factor was performed to analyze separately the detection scores. When significant main effects were observed (p < 0.05), post-hoc analyses were performed with the Newman-Keuls test.
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